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There is a zero power prosnmunablo logic device with 
a one time prognunmable and fViUy-tcfitable antUfuse 
cell architecture. Specifically, a half-Utcb and fuse cell 
orcvH allows the PLD to use "zexo power** during the 
standby period dnce the sense ^mps are not used to 
maintBlD the programmed logic. Adi^tian&liy, the PLD 
IS capable of bein£ tested for logic gate eind la^a path 
intefrityi and luti-Aise electnnl paramctezs without 
penpanently pngjcsmmtag -the aati-fu$c. 
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1 . • ' 2 

ONETOW PROOTAAIMAMXrinXY.TESrAB^ BACKGROUND OF THE INVENTION 

PROGRAMMABLE LOGIC DEVICE WITH ZKRO HstcnicaUy 

POWER AND AOTI-FUSE CELL ARCmTECTURE jhe introduction of pfogtammable logic devices 

-^-r^^n^^^^^c -n^r^ ^ ™^ (PLD) WM K tTUC fevolution in the hardware design 

^^^^^^^^^U^y^^^^ warld! ft enabled eneineerft to shrink circuits requiring 

COPENDINa APPLICATIONS ^^j^ snnplifying 

V.S. patent applicftticn 5«r. No. 07/865,007, filed thair dcsignfi while fiaving space and power. Tradition* 

Apr. 8, 1992» is a field programmable logiic aiHy with ]o ally* PLD& hAve been tued in coflibinatoriai drcuitf 

tpeed optimized ftrehit^^ttitre, h^vai^ eommod mid^ubt such a» address deoodexs «s well as seqtientlal ci»ult& 

with the present invention. sneh as hna arbkration fichetnes. During the last few 

U.S.pntencappUcation$er.NaC7/817iU7*file4lJ9ii* year& advances and Improvementi in PLD mchltec- 

6, 1992. i& a CMOS logco oeQ for hlgh^«peed» 7crt>- ones enabled the devices to ^w more complex while 

power programmable array logic devices, baviog com* IS nddrciiaiflg the never-ending quest for higher dendty 

mas assignee with the present invention. and' faster speeds. Despite these improvements, engi- 

U.S. patem application Ser. No. 07/B6S,007, filed neera still &ee certain pftiUema and limitatioos with 

Apr. 8, 1992, is a field programmable logic array wiUi FLDs. 

speed optimized arehltectuzcp having oominon assignee A typical piogrammable logic device is composed of 

with the present invention. ^ ^ user-programiBable AND array* a jucd OR gate, 

U.S. patent application Ser. No. 07/883,759, fUed followed by an output register which includes a feed- 
May IS, 1992* is a programinahle logic device with a back path from the output to the programmable AND 
single parameter stare decode, having oommon assignee array. PLDs also have circuitry for programming the 
with the 'present invendon. inputs to the AND and OR aixaySy and fbr configuring 

U.S. patent application Ser. Now 07/884,489, filed ^ the output macrocells. 

May 1 1 992, is a progranunable logic device nucTDcell Pmblfim 

with two or array inputs, having common assignee with rroowms 

the present inventioii. Most PLD architectures have several problems re- 

U.S. patent application Stsr. No. 883,076| filed May lated to- the standby current. Standby cuirejit is the 

1 5, 1992, is a programmable logic device macrocell with current required by the chip existing between succcs- 

an exclusive feedback line and an exchisive external sivc inputa to the chip. Li other words, its the eurreat 

input line, having common assignee with the present needed to keep the chip ready for action. Typical PLDs 

invention. tise huge amounts of current during the standby mode, 

U.S. patent application Ser. No. 07/884«S0St filed rangjrig around the hundreds of maUiampg. This amount 

May 1 S, 1992, is a programmable logic device macrocell of current is an excessive waste when considexing the 

with an exclusive feedback line and an exclusive C3ttcr- iimiied life ofmost batteries used in portable computn^- 

. nal input line for a combinatorial mode and accQmmo> Additionally, other PLDs tiave gone to the extreme 

dating two separate programmable or planes, having of powering down the chip during standby periods, 

common assignee with the present invention. 40 However, thou^ the chip will DOt use current duzing 

U.S. paicnt application Ser. No. 07/883,843. filed the standby period, it will take typically IS or more 

May 1 S. 1 992. is a programmable logic device macrocell nanoseconds to power up the chip again. This situation 

with an exclusive feedback line aud an exclusive extern creates a huge timing problem which prevents use in 

nal input line fear a state connter or regi stere d sum-of- designs requiring 10 ns response time, 

products signal, having common assignee with the pte&> Another problem is that nto^t PLDs use sense amps in 

ent hivention. the critical speed paths during normal operation. This 

U.S. patent application Ser. No. 07/883,078, filed has the eilect of using a substantial ainoum of power 

May 15, 1992, \% a programmable logic device macrocell during standby periods. Today *S battery pOWered COm- 

with an exclusive feedback line and an exclusive exter- putcrs are aevcnly fimited with this type of power 

nal input line for registered and combinatorial modes ^ usage. 

using a dedicated product tetxa for control, having Pnrthcnnorc^ manufactures typically can not test one 

common assignee with liie present Invention. time programmable PLDs for functionality of the clr- 

U.S. patent application Ser. No. €7/914,161 » filed JuL cults before sellittg them to customers. In other words, 

19j 1993. is 4 field programmable logic array with a dual the manufacturer will not be able to know what per- 

or plane macro^U arehitecmre. eeatage of the IC is inoperative^ or know what percent- 

«rwT=T T% rva 'nres TKn/enj-T-T^XT ^= °^ *^ ^ dcftctiVC. ThlS ftddS CXtfa 

FIELD OF THE INVENTION ^ ^ ^^^y^ customers. 

The present invention relates to integrated circuits Therefi^ei a need exists for a One time programinable 

GC^) architecture. Fanicularly, there is a Programma- ^ PLD capable of 1) *^ro power^ dncfaig Uie standby 

ble Logic Device, (**PLD^) that uses a one tune pro- period* 2) testing the fuse electrical paxameters, 3) 

• grammable anti-fixse element. Uniquely, a balMatch and check all of the logic gates for proper functionality, and 

fbse cell drcuit allows the PLD to use ^zero powe^' 4) check all of the logic paths integrity, 

during the standby period since the sense amps are not It is noted that the above described problems^ as well 

used to maintain tbe programmed logic. Additionally, ^ as other problems, are solved through the subject inven- 

the PLD is capable of being tested for logic gate and tion and wiU become more apparent, to one skilled in 

logic path integrity, and anti-fuse electrical parameters tlie art, from tlie detailed description of the subject 

without permanently programming the anti-Aise. inventkm. 
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ctnuiK* rtto 'THx? Txrt/x7xi^r^io "^-S- 3.423,<i4fi, b a compter loifte device 

SUMMARY OF THE INVENTION conidfitmg of an array of tunneling diodes. isolato« and 

OneoldUcdfnthciiri willapprccUietfac^dvantftgeor sbort cijcuits. 

the a one time programmable foUy-tesUbte programma- U.S. Pat No. 3,566, 1 53, U « pro^rainmable sequcntia] 

ble logic device Willi xero power and «nti-Aiae cell s lo^ devictj. 

architecture. U.S. PaL No. 4.124,899. h a pirsBzainmable array 

SpecilicBlly, one advantage of the mventioo is ta logiO CirCVit* 

provide "xesro power" ussige during (be aUmdby period. u.S. Pat. No. 4,499^57, is a programniBblc csell for 

Another advantage i& thai the fuse capacitBDces can be ^sa in progzammAble eieeiMmic Arraya. 

tested by the mnmifiinturer before shipping to csnstom- tO u.S. Pat No. 4,569,120, i« a method of f^hrioating a 

ers widiout damage to the fuses. programmable read only memory cell incorporating an 

FtlTtheniiQre» an advantage is that the manpC^cturei anti-fiue utilizfaig ion implantation, 
can check all of the lo^e gates Ibr proper functionality y.S. Pnt No. 4.569,121, is a method Of fabticating a 
before selling the one tune progninmublc chips without programmable read only memory cell inoorporating an 
daniBgiog the fnsefi. ... . anti-lUseutilizhMdcpoationofamoiphoaaacmioondnD- 
AddiiianaUy, the mannfacturer has the advantage of ^or layer, 
being able to ctok idl of the logic paths integrity prior u.S. pk No. 4,7 17^12, is an apparatus t6t producing 
to sdhng tte ch^ the any one of a plurality of «gnal$ at a ^gle outpnt. 

The subject PLD cutwt advantageously uses the u p^^, jjo, 4,758.746, to a programmable logic 

wwe aiDp5 strictly for progrwn verifiratiTOoperaiioiis. 20 ^ added oulpm reut- 

and not during nonnai operation periods. Thus* provid- • flexibility 

"^"^ ^ « ™^ 5"""f "^^S" ^"^^ IX U.S Pat. No. 4,763,02a is a progrwimeWc logio de^ 

TTie ontl.fi=e celb are nd^tageonsly nscd to: 1) having plural programmaUa ^on cells. 

^S^^'^n^^OK^^ . ^^P5t.Nc.^796^S,isaf„.ible^ 

need of powering down the chip during standby peri- '^^^^^^^(m^SX is a method of programming 

Other features and objecte of the present invention 30 elements, 

will become more dear from the followfaig detailed ^^'^J^*" ^ "^^^^ « 

description of the invention, taken in conjunction ^th S^.^^^T^jf? , i«t««n„ 

the accompanying drawings and claims, or may be Pat, No. 5.019.878. is a programmable mteroon- 

leartied by the practice of the invention. oect or i«dl asmg ^^te MOS tiansifitM^^^ . 

U.S. Fat. No. 5,068,696, zs a programmahle Intezcon- 

BRJEF DESCRIPTION OF THE DRAWINGS nect or ceR using silickle MOS transistors. 

FIG. 1 is a detailed illustration of the ioveDtioR. U.S Pat. No, 5,070,384^ Is an electrically progrsTOma- 

Fia. 2 is an operation chart for the anti-fuse cell. Wo anti-fusB dement iucorporattng a dielectric and 

FIG. 3 is a timing chart for the invention, amorphous silicon intcrlayer. 

It is noted that the drawings of the Invention are not 40 GENERAL EMBOtJJMENT 

to scale. The drawings are merely schematic representa- . -* . * t • 

dons, not intended to portray specific parameters of the P^G' ^ » » detailed inuftration of the mvBitum ami 

invention. The drawings are intended to depict only includes the following elements: Them are two parts to 

typical embodimcnls of the invention, and arc therefore overall circntt, a half latch circuit 30, and a fUse cdl 

not to be considered limitinfi of its scope. The invention as circuit 29. There is a sense amp 10 comieDled to pro- 

wiU be described with additional specifidty and detail grammaWe cells 20 ^ and c vja digit, bit, or colmnn 

through the use of the aeem^anyxng drawings. . ^ 11- There is a power raal Vcc 37. P^hannd tmnsis- 

„ tors are 32. 34. and 38. while N-channel transistors are 

DETAMD IMESCRPTIQN <MF THE 40. and 42. There is an anti-fuse element 44 coupled 

ILLUSTRATED EMBODIMENT 5^ betweeo transistor 42 and digit line 11. There arc five 

This disclosure of the invention is submitted m <W- input signals: I) pOwcr On control (POC*) controlling 
theranCc of Uir coostitutiDnal purposes of the U.S, P«- transistor 3^, test mode (**TM.") oontrollixi^ transistor 
tent Laws **to promote the progress of science and 38, program ("PGM") controOiog transistor 40, pro- 
lUeful arts** (Azticte 1, Section S of the U.S. Constitu< gram anti-ftase (**FOMAF*') ocmtroUing the program- 
don). 5s nnngofadti'<flise44,anddivided Vccby2C'DVC2")or 

half Vcc, controlling transistor 42. Thera is an inverter 

INCORPORATED MATERIAL ^ coupled to transistors 38, 40. and 42 as shown. Out- 

For (he purpose of providing backgronnd material put 31 is ccnipled to receive inputs frOm inverter 36 and 

which may in some tespecu iDustrate the state of the to send Che programming information to the various 

art, the following books (or articles or pamphlets) are 60 parts of the IC requiring programming. There is a pTO- 

herein incorporated by reference: '^Programmable gramming circnit 12, which will modify the voltage on 

Logic Handbook," fourth edition, by Monolithic Mem- the digit line 11 to Vpp, or to around ]0>1S vollSr &r 

ones tpc, 217S Mission College Blvd., Santa Clara, permanently programmtng anta-fUse 44. 

^t. Kr,]Si: « o^non of the mvEmioN 

library of Congress no. TK7872 .L64 P44 1991. One skilled in the art should easily understand the 

The following U'S. patents are herein incorporated operation of the invention in reference to FIG. 2 iUus- 
by reference for pertinent and supporting iaformaiion: trating the timing of the invention's difTering modes. 
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There is a ttdrmal operatkmBi mod^ which h selected 
tia output cither 9 zero or one signal to oatpnt 3L 

There is a power up mode This la typically the oidy 
time VQC* ifi grounded. Tim sets all cells to a known 
Vcc state^ fUKl dqpeodui^ upon the ant^fuM setting, 9 
iftveiter 36 wfll outpot ^th«r a one or sero signal. 

To program 9. 2ero» or pop of the nnti-fbse^ PGMAF 
k hrought to Vpp or about 12 volts. This pops the anti^^ 
fuse elemenL 

To program- a onCt or w>0'pop of the anti-fuse. POM '^^ 
fa hrovght to ground. Hiiis, not popping the anti-fuse 
element. 

One skilled in the art wlU easily undcrstazid the verify 
**0** ''l**, and th^ ttAtssh. mode opcivtions in rcfisr* 
cncc to FIG. 2. 1^ 

Unique to the art is the ability to pcifomi a ''dummy" 
program opcratxoa. Spccificallyi this dummy program 
allows for testing the IC without pennaniently program- 
ming the anti-flues. By forcing patterns of ones and 
zeros in the fine half latches (32, 34, and 38) with volt* 
ages that are not high enough to pop the fuses, foreacam- 
ple around 5 volts, testing of the entire circuitry can be 
perfonned whhout damage to the one time programma- 
bility of the anti^fhses. 

To set Up fot testing Of the IC, there is a three step 
prooess. Fir^ pulse 1 will reset all ftase latches in the 
array to a loghal one. Next, pulse 2 will load a zero on 
all the Also latches in a 9mgl<? row or word line selected 
by the PGM signaL Finally, pulse 3 loads a logical one ^/^ 
in a sdeded pattern of fGse latches on the single se- 
lected word line, via PGMAF. Thereby allowing test, 
ing of the IC functionality conqwismg the logic gates, 
logic paths* and anti-fuse capacitances. 

One skilled in the art will understand that the dummy 35 
load inhibit .mode, as illustiated. will stop thtf low test 
voltages from occurring on selected fuse locadons. 

To pro^pm anti-fuse 44^ the PGMAF signal, from 
ptrogram circuit 12 via digit line 11» is brought up to 
about Vpp (10-13 voIliiX while the word line is silDUlta- 40 
neously selected by the PGM signal- Verify mode is 
initialed to te&t the* programnung of the anti'foses 
throughout the IC. A programmed or **one** anti-fUse 
wOl finoe the POMAP line to "zero** while an un. 
popped or ^'zero*' nihti-i\ise will leave a VUas levd on 43 
the |>GMAF line. 

Power up mode occurs when the IC is first powered 
Up. It is noted that during the power up mode that 
FOG* is pulsed low, thus chaxguig node 35 Co Vcc. IT 
the anti-fuse is set to zero, then inverter 36 wUl output 30 
a low and thereby allow the power xaol 37 to charge 
node 35 through transistor 34 mstead of 32. If the anti- 
fuse is set to a one. voltage at node 35 will be pulled low 
through the anti-fuse and Icccp the iavertfx's bntpnt 
high. Once the POC* signal is disabled, the program- 33 
mit?g of the output 31 is set 

Additionally^ it is pointed Out that DVC2 is either 
half of Vcc or half Vcc plus one volt most of the time. 
It b generally know that dielectric anti-ibss cells tend to 
break down qver time because of voltages stress or 
current leakage. By |daoh^ a vdltagn limiting orprateo- 
. tion transissor befbre the anii-fbse, the total amount of 
BUBss is dimiabhed. Thereby, inonosing the life of the 
antt-fuse and inhSsiting resistive changes over time. 

REMARKS ABOUT THE INVENTION 

It is noted thai output 31 um be used to control vari- 
ous pans of the PLD. For example, the inputs to the 



6S 



AND and OR arrays, and the macrocell configurations 
oan bfr controlled. 

One skilled in the art will also recognize that the 
sense amps are used only Ibr programming vetificatioDa 
and not used during normal operatioii. Thusy not nang 
any power during standby periods. 

Simihaly. the iise of an anti-fuse provideB a means for 
not nshig any curreDt In standby periods, if the fiises is 
not blown, or opeii, no curxent ftowa actosa it If blown, 
there is no current pnnwled frOoa digit fine 11 during 
standby mode. 

A skiDed artisan win notice the use of Vco/2 power 
source for the DVC2 signal to tianslstOT 42. This is to 
inhibit the known problems from Has time dependent 
dielectric breakdown of the ants-ibse. Tbats, prcdonging 
the useful life of the anti-ftise. 

Note that operating periods of a PUO are when the 
PLD is activated and performing logic-type flmction of 
the PLD. Wheteas. standby periods are those tunes 
between operating periods yfbea there ts no perfbhning 
of Iogi&4ype functions. 

VARIATIONS IN THE INVENTION 

There are several obvious variatiozks to the bxoad 
invention and thus come within the scope of the present 
invention. Uniquely, this invention may work with any 
comlnnation of transistors along the internal circuit 
paths. For examplct paSs gate transistors may be em- 
ployad fbr Obvious reasons. Similarly, laser fuses or 
other programmable ttsnsistacs or capacitoxa may be 
etttployed over the anti-fiMe embodiment^ Additionany, 
although the embodiment is directed to PLDs, the ap- 
plication of the invcxitioo works equally as well for 
pxognapmable lednndancy in PRAMs, and other 
RAM devices. 

While the invenlion has been taught with specific 
reference to these embodiments, someone skilled m the 
art wHl recognize that changes can be made in foim and 
detail wiihont departing from the spirit and the scope of 
the Invention. The described embodiments are to be 
considered in all respects only as illustrative and not 
restrictive. The Ecppe of the invention is, therefore, 
ixulieaied tiy the appended claims rather than by the 
foregoing desci^tion. AH r-!hitn^f* which come within 
the mmning and rsngc of cquivaleooy of the claims are 
to be embraced within their scope. 

Although fitabheadings in tbe Detailed Description of 
the niuKtrated Embodiment arc used, these are merely 
provided for asdsring the reader; wherein, the writer is 
free to enter any informatian under aiyy heading/s- 

What is clfttoed and desired to be secured by United 
States Patent is: 
1- A progrmnmable logic device, comprising: 
a senso amp (lO); 

a programmable oells (20a) oOnnccted to the sense 
amp, having: 

0) a half lAtdh. clrcuh C30), wherem the output (31) 
&om the half latch circuit is used to program vari- 
ous portions of the programmable logic devicej and 

b) a fuso cell cirouit (29\ qoiqilcd to the half Jalch 
circuit, for acttins the output of the half latch di^ 
cuit to a high or Tow signal leveL 

2. The piogranmiable logto device of claim 1, 
wherein said half latch circuit oomprises: 

a power rail {Voo 37); and 

a first (32) and seCMad (3^ P-eliannBl transistor, each 
having the source tilectrfcally coupled to the 
power rail^ and the drains coupled together. 
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3. The progrMnma^le logie device of 
wherein the half latch circuit further oonsprises: 

an inverter haying elccujcal iapuxs from the drains of 
tht first and scdoxuI P-chaxmel traaaistor^. anii hav- 
ing the output eleetrieidly coupled to the gate of 
the second P-chaanel txaasivtOTp the output of the 
inverter is the output of the half tatcb dfCUit for 
fteuing a state for various t^ziionfi of Ihs |w v giinn - 
tnable logic device. 

4. The programmable logic device of claim 3^ 
wherein the latch circuit Ibrlhef oompiites: 

a third F-cliaxuid trwnistor having its source 
deotrically coupled to the drains of the first and 
secotid P-ehannel traiMistors. 

5. The prOBrumnahlc iDgic devi^ vf dUuD 4« 
wherein said fasc ceil circnxt comprises; 

B first N-dunnd transistor (42) having the drain elec- 
trically coupled to the source of the third P-^chan* 
nel transistor; and 

an anti'>fuae cell (44) having: 

a) an input coupled to a digit line (11) which is con* 
pled to the Sense amp; and 

b) an output elccuicaUy coupled to the source of the 
first N-cfaAraiel transstor (42). 

tf. The prograxmnablc logic device of daim 5. further 
comprising: 

a second N-channel transistor (40) having the source 
ooupied to the first N*channe] Ciansistor (42) and 
the third P-channel tmuistotr (38)i and its drain 30 
coupled to ground. 

7, A FLD programming circuity comprising; 

an output Ime (31); 

fuse circuit means (29), electrically coup!ed to the 
output line, having a low stale for pulling the volt- 35 
age of the first node down* and having a high state 
for maiataining the voltage on the first node; and 
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latchiqg cxruuit means (30)» coupled to the output 
line, having a first mode fox outputting a high sig- 
nal to the output line while the ftisa circuit means is 
Id a low state, and a second mode for outputting a 
low signal to the output hne -while the fhse drcuit 
means is in a high sate. 
3. The PXJD of claim 7, wherein the fuse circuit 
iz>eans comprises: 
a ilist node (35), coupled between the fUse chvutt and 

the half latch drcidt; 
a digit Sine (11).; 

an ants-fuse (44X coupled between the digit line and 
the first node (39). for enabling the high state on the 
first node When the anti-fuse is unprogrommed, and 
enabling the low state on the first node when the 
and-ftisc Is progjwnmed, 
9. The P1X> of claim tf, further comprianigr 
a prokectiaa crircuit (42), cOupled between the first 
code and the anti-fuse, for mhibiting the anti-fvsc 
from breoldng down over time. 
lOL The PLD of claim 9, further comprising^ 
a program liansistor (40) fbr selectively enahling 
current through the anli^use diuilig progfamming 
of the anti-fhsc 

11. The progranunable logic device of daim 1, 
wherein 

the sense amp oses no power dnrihg opefaiing peri* 
ods of the programmable 209c device. 

12. The Pi^D programming circuit of claim 7. further 
comprismg: 

a) a programmable cell including the fuse circuit 
means and the latching cirou it means; 

b) a Sense amp elcctxioally coupited to the program- 
mable cell; and 

c) the Sense amp using no power during operating 
periods of the PLD. 
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